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(57) ABSTRACT

An ultrasonic flow measurement device for ascertaining flow
velocity, respectively volume flow, of a fluid, especially a gas
or a liquid, using a travel-time difference method, compris-
ing: a measuring tube having a straight measuring tube axis;
at least one transmitter for transmitting an acoustic signal; at
least one receiver for receiving the acoustic signal; and at least
one reflection surface for reflecting the acoustic signal. The
transmitter and the receiver are arranged on the tube wall of
the measuring tube in such a manner that they can transmit the
acoustic signal inclined or perpendicularly to the flow direc-
tion of the fluid, wherein at least one reflection surface is
embodied concavely in a preferential direction; and a method
for ascertaining flow velocity, respectively volume flow, of a
fluid.

17 Claims, 3 Drawing Sheets
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1
ULTRASONIC FLOW MEASURING DEVICE
HAVING A CONCAVE REFLECTIVE
SURFACE THAT CANCELS DISPERSION AND
METHOD FOR ASCERTAINING FLOW
VELOCITY, RESPECTIVELY VOLUME
FLOW, OF A FLUID

TECHNICAL FIELD

The invention relates to an ultrasonic flow measuring
device for ascertaining flow velocity, respectively volume
flow, of a fluid.

BACKGROUND DISCUSSION

U.S. Pat. No. 7,360,447 B2 discloses an ultrasonic flow
measuring device, in the case of which an acoustic signal is
reflected by concave reflectors. There, the acoustic signals are
transmitted parallel to the flow direction of the fluid.

An ultrasonic flow measuring device working according to
the travel time difference principle is known per se and is
described, for example, in German Patent DE 10 2011 079
250 A1 (US 2014144247). Such discloses an ultrasonic flow
measuring device having a transmitter and a receiver, which
are arranged in or on a measuring tube. The transmitter trans-
mits an acoustic signal, which is reflected on one or more
reflection surfaces and then strikes a receiver. This ultrasonic
flow measuring device has basically done well. In the case of
higher flow velocities, however, a lessening of the signal
intensity is observed, since the acoustic signal is dispersed by
the high flow velocity of the fluid and then is only partially
registered by the sensor.

SUMMARY OF THE INVENTION

It is, consequently, an object of the present invention to
provide an ultrasonic measuring device having velocity com-
pensated beam guidance, as well as a method, which coun-
teracts dispersion related, signal weakening.

This object is achieved by an ultrasonic flow measuring
device.

The ultrasonic flow measuring device of the invention for
ascertaining flow velocity, respectively volume flow, of a
fluid, especially a gas or a liquid, using a travel-time difter-
ence method includes: a measuring tube having a straight
measuring tube axis; at least a first transducer for transmitting
an acoustic signal; at least a second transducer for receiving
the acoustic signal; and at least one reflection surface for
reflecting the acoustic signal; wherein the first transducer and
the second transducer are arranged on the tube wall of the
measuring tube in such a manner that they transmit, respec-
tively receive, the acoustic signal inclined or perpendicularly
to the flow direction (A) of the fluid; wherein the acoustic
signal travels between the first transducer and the second
transducer along a signal path, which includes a reflection on
the at least one reflection surface, wherein, according to the
invention, the at least one reflection surface is embodied
concavely in at least one preferential direction in the measur-
ing tube.

The preferential direction can especially comprise the axial
direction, thus the longitudinal direction, of the measuring
tube.

The acoustic signal is preferably an ultrasonic signal.

Due to the concave formation of the reflection surface in
the direction of the measurement axis, acoustic signals, which
otherwise would strike the flat reflection surface of the inner
wall of the measuring tube, are deflected. In this way, disper-
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sion of an acoustic signal in or against the flow direction of the
fluid can be cancelled and, thus, a velocity compensation of
the beam guidance achieved.

Advantageous embodiments of the invention are subject
matter of the dependent claims.

The reflection surface is preferably embodied as a concave
mirror.

It is especially advantageous when a plurality of reflection
surfaces are arranged in the measuring tube for multiple
reflection of the acoustic signal, such that, for example, an
average flow velocity is more exactly determinable. As the
number of reflections in the measuring tube rises, however, so
too does the measuring distance, respectively the length of the
signal path, and therewith the extent of the dispersion. There-
fore, it is especially advantageous when a corresponding
velocity compensation occurs by way of a concave reflection
surface, especially in the case of multiple reflection, at each
reflection point in the measuring tube.

For better servicing and also for easier accessibility in the
case of defect, it is advantageous when the reflection surface
is embodied in the form of a component, which is releasably
installed in the measuring tube.

In another embodiment of the invention, at least one con-
cavely embodied reflection surface is embodied as a compo-
nent, which is joined with the measuring tube, wherein the
joining comprises especially welding, soldering, brazing or
adhering.

In an additional embodiment of the invention, at least one
concavely embodied reflection surface is formed as one piece
with the measuring tube.

According to a further development of the invention, the
ultrasonic flow measuring device enables in advantageous
manner especially also the registering of acoustic signals at a
ratio (vz/c) of a flow velocity v of the fluid to a velocity ¢ of
the acoustic signal in the fluid of greater than 0.1%. Such a
ratio arises especially in the case of gases or very rapidly
flowing liquids. For fluids flowing fast in such a manner, the
described ultrasonic measuring device can be used advanta-
geously without experiencing significant weakening of the
acoustic signal.

Additionally for velocity compensation according to a fur-
ther development of the invention, the acoustic signals are
focusable by the concave reflection surface. In this way, the
signal intensity detected by the receiver can be advanta-
geously improved.

In a further development of the invention, the first trans-
ducer and the second transducer are each embodied as ultra-
sonic transducers for producing and for receiving acoustic
signals.

In a further development of the invention, the ultrasonic
flow measuring device includes a plurality of reflection sur-
faces of concave contour, wherein a first radius of curvature in
the center of a first reflection surface in a first reflection plane
of'a reflection of an idealized signal path at the first reflection
surface deviates from a second radius of curvature in the
center of a second reflection surface in a second reflection
plane of a reflection of the idealized signal path at the second
reflection surface, wherein the idealized signal path extends,
in each case, as a straight line between the centers of trans-
mitting, respectively receiving, surfaces of the ultrasonic
transducers and the centers of the reflection surfaces.

In a further development of the invention, at least one
reflection surface has a concave, parabolic contour.

In a further development of the invention, a first radius of
curvature in the center of at least a first reflection surface in a
first reflection plane of an idealized signal path of a reflection
on the first reflection surface deviates from a second radius of
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curvature in the center of the first reflection surface in a
second plane, which extends perpendicularly to the first
reflection plane and in which the surface normal of the first
reflection surface lies in the center of the first reflection sur-
face.

In a further development of the invention, at least two
reflection surfaces have surface dimensions deviating from
one another.

In a further development of the invention, at least one
reflection surface has in a preferential direction a greater
extent than in other directions.

In a further development of the invention, at least one
reflection surface is more strongly developed in the direction
of the flow. This means, especially, that the separation of the
at least one reflection surface from the tube central axis
decreases in the flow direction.

According to the invention, a method for ascertaining flow
velocity of a fluid, especially a gas or a liquid, using the travel
time difference measuring method by means of ultrasonic
flow measurement in a measuring tube having a straight mea-
suring tube axis comprises steps as follows:

a) transmitting at least one acoustic signal inclined or per-

pendicularly to the flow direction of the fluid;

b) reflecting the acoustic signal on one or more concave

reflection surfaces and

¢) receiving and evaluating the acoustic signal for ascer-

taining flow velocity of the fluid.

Reflection on one or more concave reflection surfaces
essentially compensates the signal weakening caused by dis-
persion of the signal. This can occur, on the one hand, from
change of the angle of reflection and, on the other hand, from
focusing of the acoustic signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained in greater detail based
on the drawing, the figures of which show as follows:

FIG. 1 is a sectional, side view of a schematic representa-
tion of an ultrasonic flow measuring device of the invention in
the case of a single reflection;

FIG. 2 is a sectional side view of a signal path in the case of
multiple reflection in a measuring tube of an ultrasonic flow
measuring device of the invention;

FIG. 3 is an end view of a signal path in the case of multiple
reflection in a measuring tube of an ultrasonic flow measuring
device of the invention;

FIG. 41s asectional side view of'a schematic representation
of'an ultrasonic flow measuring device in the case of a single
reflection according to the state of the art;

FIG. 5a is an end view of two different reflection surfaces
with different surface dimensions; and

FIG. 5b1s aside view of a reflection surface with respect to
the flow direction A of the fluid.

DETAILED DISCUSSION IN CONJUNCTION
WITH THE DRAWINGS

Basic features of travel time difference measuring methods
for determining flow velocities of a fluid are well known.
According to the travel-time difference principle, the differ-
ent travel times of ultrasonic pulses are evaluated relative to
the flow direction of the fluid. In such case, the propagation
velocity of acoustic signals, especially of ultrasonic waves, in
a medium is directly influenced by the flow velocity of the
medium. According to the travel-time difference principle,
ultrasonic pulses are transmitted both in, as well as also
counter to, the flow direction. Based on the travel-time dif-
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ference, the flow velocity and therewith, in the case of known
diameter of the pipeline section, the volume flow can be
determined.

FIG. 4 shows schematically ultrasonic flow measuring
device 51 according to the state of the art and a therein
resulting deflection of an acoustic signal 55, which should
travel from a first transducer 52 to a second transducer 53. The
shown deflection of the axis of the signal path arises in the
case of travel through a fluid, which is flowing, for example,
in a measuring tube 56 having an inner diameter of, for
instance, 52 mm with a flow velocity of, for instance, 150 m/s
in the flow direction A. The velocity of sound in this medium
amounts to 1500 m/s. As one can see based on FIG. 4, there
arises in the case of reflection on a planar reflection surface 54
of'areflection apparatus a dispersion of the acoustic signal 55,
which leads to a significant, undesired weakening of the sig-
nal reaching the second transducer 53.

FIG. 1 shows—here only schematically—the construction
of a first variant of an ultrasonic measuring device 1 of the
invention.

This ultrasonic measuring device includes a measuring
tube 6. Measuring tube 6 has an outer wall surface 8 and an
inner wall surface 7. Mounted on measuring tube 6 is a first
transducer in the form of an ultrasonic transducer for produc-
ing an acoustic signal 5 and a second transducer 3, likewise
embodied as an ultrasonic transducer, and serving for detec-
tion of the acoustic signal 5.

Acoustic signal 5 is transmitted in FIG. 1 in the flow direc-
tion A.

The second transducer 3 can likewise transmit an acoustic
signal, in such case counter to the flow direction A of the fluid,
which signal can be detected by the first transducer 2. From
the travel-time difference between the two signals, the flow
velocity of the fluid, respectively its volume flow, can be
ascertained.

Measuring tube 6 additionally includes a reflector arrange-
ment 4 having a reflection surface 4a, which is here embodied
in the form of a concave mirror. Such concave mirror enables
a correction of the dispersion of the acoustic signal in such a
manner that the angle of incidence « of the acoustic signal 5
has, with reference to a plane perpendicular to the longitudi-
nal axis of the tube, a magnitude different from the angle of
reflection [} of the acoustic signal 5 after its reflection on the
reflection surface 4a.

This type of reflection surface 4a cancels dispersion of the
acoustic signal 5 in the flow direction A. Dispersion of the
acoustic signal 5 can occur both in the flow direction A and
counter to the flow direction A. Independently of the flow
direction A, reflection surface 4a enables a complete, or at
least partial, compensation of the said dispersion.

In the case of the uniformly concavely formed, concave
mirror illustrated here, the optical, respectively acoustic, axis
is located advantageously at the point where the acoustic
signal 5 would strike, if there were no deflection of the acous-
tic signal 5 along the signal path, respectively in the case in
which the fluid located in the measuring tube 6 would be at
rest.

The reflector arrangement 4 with the reflection surface 4a,
or surfaces, can especially be installed as a component on or
in the inner wall surface 7 of the measuring tube 6. Thus, such
components 4 can, for example, be installed releasably in the
measuring tube 6 by shape interlocking by means of screw or
bayonet connections or solidly joined with the measuring
tube 6, for example, by soldering, brazing or welding.

The acoustic signal 5 can be transmitted inclined or per-
pendicularly to the flow direction A of the fluid in the mea-
suring tube 6.
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FIGS. 2 and 3 show a signal path of an acoustic signal 10 in
the case of multiple reflection thereof in a measuring tube 11
of a second example of an embodiment of a flow measuring
device of the invention. In such case, in the here illustrated
variant of the invention, the acoustic signal is transmitted by
a first ultrasonic transducer 17, reflected on each reflection
surface 12-16 of a reflector arrangement having a plurality of
reflection surfaces 12-16 and then detected by a second ultra-
sonic transducer 18.

Due to the concave curvature of the reflection surfaces
12-16, the deflection, respectively dispersion, of the acoustic
signal 10 along the respective signal path, i.e. deflection,
respectively dispersion, brought about by the flow of the fluid,
is cancelled.

The multiple reflection shown in FIGS. 2 and 3 advanta-
geously improves the accuracy of measurement for ascertain-
ing the average flow velocity of the fluid.

LIST OF REFERENCE CHARACTERS

1 ultrasonic flow measuring device
2 first transducer (transmitter)
3 second transducer (receiver)
4 reflector arrangement

4a reflection surface

5 acoustic signal

6 measuring tube

7 inner wall surface

8 outer wall surface

10 acoustic signal

11 measuring tube

12 reflection surface

13 reflection surface

14 reflection surface

15 reflection surface

16 reflection surface

17 first transducer (transmitter)
18 second transducer (receiver)
A flow direction

a angle of incidence

p angle of reflection

The invention claimed is:

1. An ultrasonic flow measuring device for ascertaining
flow velocity, respectively volume flow, of a fluid, using a
travel-time difference method, comprising:

a measuring tube having a straight measuring tube axis;

at least a first transducer for transmitting an acoustic signal;

at least a second transducer for receiving the acoustic sig-
nal; and

at least one reflection surface for reflecting the acoustic

signal, wherein:

said first transducer and said second transducer are

arranged on the tube wall of said measuring tube in such
a manner that they transmit, respectively receive, the
acoustic signal inclined or perpendicularly to the flow
direction of the fluid;

the acoustic signal travels between said first transducer and

said second transducer along a signal path, which
includes a reflection on the at least one reflection sur-
face; and

in that the at least one reflection surface is embodied con-

cavely in at least one preferential direction in the mea-
suring tube; wherein

at least one concavely embodied reflection surface is

embodied as a component, which is releasably installed
in said measuring tube.
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2. The ultrasonic flow measuring device as claimed in

claim 1, wherein:

said at least one reflection surface is embodied as a concave
mirror.

3. The ultrasonic flow measuring device as claimed in

claim 1, wherein:

a plurality of reflection surfaces are arranged in said mea-
suring tube for multiple reflection of the acoustic signal;
and

at least one reflection surface is embodied concavely.

4. The ultrasonic flow measuring device as claimed in

claim 3, wherein:

all reflection surfaces are embodied concavely.

5. The ultrasonic flow measuring device as claimed in

claim 3, wherein:

acoustic signals are focusable by the concave reflection
surfaces for increasing signal intensity.

6. The ultrasonic flow measuring device as claimed in

claim 1, wherein:

the device enables registering of acoustic signals at a ratio
(vz/c) of a flow velocity v of the fluid to a velocity ¢ of
the acoustic signal in the fluid of greater than 0.1%.

7. The ultrasonic flow measuring device as claimed in

claim 1, wherein:

the device enables registering of acoustic signals at a ratio
(vz/c) of a flow velocity v of the fluid to a velocity ¢ of
the acoustic signal in the fluid of greater than 1% with
weakening of the signal of less than 20%.

8. The ultrasonic flow measuring device as claimed in

claim 1, wherein:

said first transducer and said second transducer are each
embodied as ultrasonic transducers for producing and
for receiving acoustic signals.

9. The ultrasonic flow measuring device as claimed in

claim 1, wherein:

the device includes a plurality of reflection surfaces of
concave contour, a first radius of curvature in the center
of a first reflection surface in a first reflection plane of a
reflection of an idealized signal path at the first reflection
surface deviates from a second radius of curvature in the
center of a second reflection surface in a second reflec-
tion plane of a reflection of the idealized signal path at
the second reflection surface; and

the idealized signal path extends, in each case, as a straight
line between the centers of transmitting, respectively
receiving, surfaces of the ultrasonic transducers and the
centers of the reflection surfaces.

10. The ultrasonic flow measuring device as claimed in

claim 1, wherein:

at least one reflection surface has a concave, parabolic
contour.

11. The ultrasonic flow measuring device as claimed in

claim 1, wherein:

a first radius of curvature in the center of a first reflection
surface in a first reflection plane of an idealized signal
path of a reflection on the first reflection surface deviates
from a second radius of curvature in the center of the first
reflection surface in a second plane, which extends per-
pendicularly to the first reflection plane and in which the
surface normal of the first reflection surface lies in the
center of the first reflection surface.

12. The ultrasonic flow measuring device as claimed in

claim 1, wherein:

the ultrasonic flow measuring device has at least two reflec-
tion surfaces, and at least two reflection surfaces have
surface dimensions deviating from one another.
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13. The ultrasonic flow measuring device as claimed in
claim 1, wherein:

at least one reflection surface has in a preferential direction

a greater extent than in other directions.

14. The ultrasonic flow measuring device as claimed in
claim 1, wherein:

the at least one reflection surface is more strongly devel-

oped in the direction of the flow, such that the separation
of the reflection surfaces from the tube central axis
decreases with the flow direction.

15. A method for ascertaining flow velocity, respectively
volume flow, of a fluid using the travel time difference mea-
suring method, by means of an ultrasonic flow measuring
device as claimed in claim 1 by means of ultrasonic flow
measurement in a measuring tube having a straight measuring
tube axis, comprising the steps as follows: transmitting at
least one acoustic signal inclined or perpendicularly to the
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flow direction (A) of the fluid; reflecting the acoustic signal
on one or more concave reflection surfaces; and receiving and
evaluating the acoustic signal for ascertaining flow velocity of
the fluid.
16. The method as claimed in claim 15, wherein:
through reflecting the acoustic signal on one or more con-
cave reflection surfaces, a deflection of the acoustic sig-
nal occurs in such a manner that, with reference to the
inner wall surface of the measuring tube, the angle of
incidence a of the acoustic signal before the reflection
and the angle of reflection § of the acoustic signal after
the reflection are different from one another.
17. The method as claimed in claim 15, wherein:
through reflecting the acoustic signal on one or more con-
cave reflection surfaces, a focusing of the acoustic signal
occurs.



